Introduction 35 36
Neural crest (NC) cells migrate extensively before giving rise to a variety of cell 37 types. NC cell-cell and cell-matrix interactions are an essential part of the migration 38 process. In fact, NC cell migration depends on optimal levels of adhesion, as too little 39 or too much adhesion result in migration defects (Anderson et al., 2006b) Table 1 . 64 al., 2010), and both overexpression and morpholino knockdown of N-cadherin in vivo 137 block cranial NC emigration (Theveneau et al., 2010) . In vitro studies demonstrated a 138 role for N-cadherin during cranial NC collective migration in Xenopus. Function 139 blocking antibodies to N-cadherin prevented contact inhibition of locomotion and 140 collective polarization of cranial NC cells toward an SDF1 gradient (Theveneau et al., 141 2010) . Interestingly, cranial NC cells treated with an N-cadherin morpholino were 142 highly motile in culture, and dispersed more rapidly than control cells (Theveneau et 143 al., 2010) . This behaviour is similar to migratory cardiac NC from N-cadherin null 144 mutant mice, which have increased speed and persistence of movement in vitro, but 145 decreased directionality (Xu et al., 2001) . A model of Xenopus cranial NC migration 146 has been proposed, in which N-cadherin-mediated cell adhesion causes contact-147 dependent cell polarity, and when combined with a chemotactic signal, allows 148 collective chemotaxis of cranial NC (Theveneau et al., 2010) . Cadherin 11, a type II cadherin, is expressed by migrating cranial NC in mouse 157 (Kimura et al., 1995) and Xenopus (Hadeball et al., 1998; Vallin et al., 1998) . Mice 158 homozygous for a mutant non-adhesive cadherin 11 have shorter frontal bones, but no 159 reported cranial NC migration defects (Manabe et al., 2000) , whereas inhibition of 160 cadherin 11 in Xenopus in vivo revealed an important role in cranial NC migration 161 (Borchers et al., 2001 ; Kashef et al., 2009 ). Knockdown of cadherin 11 inhibits NC 162 migration into the second and more caudal branchial arches only, and mutant cells do 163 not form filopodia or lamellipodia (Kashef et al., 2009) . In vivo rescue with mutated 164 versions of cadherin 11 showed that expression of the cytoplasmic tail is sufficient for 165
Xenopus cranial NC migration as long as it is linked to the plasma membrane. The E-166 catenin binding site and a binding site for the guanine exchange factor Trio are critical 167 intracellular domains; as over-expression of human cadherin 11, Trio or constitutively 168 active small Rho GTPases rescued the loss of cadherin 11 in vivo, whereas over-169 expression of mouse cadherin 6 was unable to rescue migration (Kashef et al., 2009) . 170
Furthermore, cleavage of the extracellular domain of Xenopus cadherin 11 is 171 necessary for cranial NC migration (see below). Thus cadherin-11 appears to act 172
together with E-catenin and Trio at the plasma membrane to initiate protrusive activity 173 and drive cranial NC migration through the activation of small Rho GTPases. 174
Interestingly, Trio can have multiple cell surface protein partners (Backer et (Boucaut et al., 1984; Bronner-Fraser, 1985; 1986) . Surprisingly, mouse 228 conditional knockout studies of E1 integrin using the Wnt1-Cre line showed migration 229 of cranial NC cells to the branchial arches (Turlo et al., 2012) , however levels of 230 proliferation and apoptosis were not assessed. Moreover, in mice null for fibronectin, 231 cranial NC cells also still migrate to the branchial arches, but the number of cranial 232 NC cells is reduced due to increased apoptosis and decreased proliferation (Mittal et 233 al., 2010) . Similarly, in integrin D5 null mice, apoptosis occurs in NC cells migrating 234 to the second branchial arch (Goh et al., 1997; Mittal et al., 2010) . This suggests that 235 fibronectin and integrin D5 are critical for the survival of cranial NC, rather than 236 migration. Furthermore, the restricted regional effect of loss of D5 suggests that there 237 is compensation by other integrins rostral to the second arch. Indeed, integrin D4 is a 238 candidate whose expression is restricted to NC rostral to the second branchial arch 239 (Pinco et al., 2001 ). Exposure to D4 function-blocking antibodies in mouse cultures 240 inhibited cranial NC migration (Kil et al., 1998) , however at least some cranial NC 241 migration is normal in D4 null mice, as the trigeminal ganglia are present (Yang et al., 242 1995) . In contrast to the axially restricted expression of D4 in mouse, chick cranial 243
NC express D4 at all axial levels (Kil et al., 1998) , while Xenopus cranial NC do not 244 appear to express D4 (Whittaker and Desimone, 1998). The expression of E3, D6 and 245
Dv by cranial NC also shows species differences (Alfandari et mice, trunk NC migration and early gangliogenesis appear normal (Yang et al., 1995) , 815 however D5 null mice die during trunk NC migration (Goh et al., 1997) . To study the 816 importance of D4 or D5 integrins, NC null for either integrin were examined in 817 culture, and also grafted into chick NC pathways. Integrin D5 null NC cells migrated 818 poorly on fibronectin, but well on vitronectin, whereas D4 null cells showed normal 819 migration on fibronectin (Haack and Hynes, 2001 ). This is in contrast to in vitro 820 studies, which show an inhibition of migration using function blocking antibodies to 821 D4 in chick and mouse (Kil et al., 1998; Testaz and Duband, 2001) , and no effect on 822 migration using function blocking antibodies to D5 (Testaz et al., 1999) . When 823 grafted into chick embryos, many D4-null glial progenitor cells underwent apoptosis 824 during migration, especially those migrating dorsally, however some were able to 825 migrate and contribute to the peripheral nervous system (Haack and Hynes, 2001) . 
